Although a high degree of tolerance of homografts of skin and other tissues can consistently be induced in a variety of avian and mammalian species by exposure of embryonic or neonatal hosts to homologous cells, 1 2 nearly all attempts to confer tolerance in respect of grafts of heterologous origin have given very disappointing results in terms of the degrees of unresponsiveness obtained. However, the turkeychicken species combination, studied in detail by Hasek and his associates using their elegant method of experimental embryonic parabiosis,6 has proved to be exceptionally favorable for studies on tolerance of heterografts.7-9
Although a high degree of tolerance of homografts of skin and other tissues can consistently be induced in a variety of avian and mammalian species by exposure of embryonic or neonatal hosts to homologous cells, 1 2 nearly all attempts to confer tolerance in respect of grafts of heterologous origin have given very disappointing results in terms of the degrees of unresponsiveness obtained. However, the turkeychicken species combination, studied in detail by Hasek and his associates using their elegant method of experimental embryonic parabiosis,6 has proved to be exceptionally favorable for studies on tolerance of heterografts. [7] [8] [9] The essential findings that have emerged from grafting and other tests conducted upon a restricted number of chickens and turkeys which had been parabiotically united in embryonic life,7-9 or injected intravenously with heterologous blood at hatching,' are as follows: (1) Higher degrees of tolerance of skin heterograftsjudged in terms of their survival times-are induced in turkeys than in their chicken parabiont partners. (2) In both species embryonic parabiosis is followed, at least initially, by red-cell chimerism, apparently as a consequence of a transient partial functional colonization of the host's marrow by hematopoietic cells of heterologous origin. (3) In turkeys a high degree of tolerance of skin heterografts is not necessarily accompanied by persistence of the state of red cell chimerism; tolerance of a skin heterograft may persist after the host has produced agglutinins in response to active immunization against the red cells of its former chicken parabiont partner; the tolerance induced may extend to skin heterografts from randomly selected chicken donors other than the original parabiotic partner and to homografts of turkey skin. (4) Chickens found to be only feebly tolerant of their turkey parabiont partners" skin heterografts fnay nevertheless display high degrees of tolerance when subsequently challengec'with homografts from randomly selected donors. The most interesting and provocative of these findings is, of course, that exposure of embryos to heterologous cells may render the hosts incapable of rejecting subsequent skin homografts from unrelated members of their own species.
In an attempt to account for the findings summarized above, Hasek and Hort8 have dismissed as improbable the argument that there may be considerable overlap between the spectra of transplantation isoantigens that characterize the two species concerned. They postulated that, following prolonged exposure of turkey and chicken embryos to each others' cells, not only is the capacity of each to discriminate between individual antigens of the heterologous donor species impaired, but each also loses its ability to discriminate between transplantation isoantigens of its own species. The purpose of the grafting and other tests carried out upon two chicken X turkey interspecific hybrids (an interfamilial cross, taxonomically) to (b) "Grafting" tests with hybrid blood: To obtain the maximum possible information concerning the ability of a hybrid to discriminate between the antigens of each of its parent species, either: (i) many hybrids must receive grafts from one or other of a whole battery of donors, or (ii) as in the present situation where only two of these birds were available, some other means must be sought to test their capacity to react immunologically against the various tissue antigen combinations from a wide range of donors. The placing of multiple grafts upon each host was impracticable because of their delicate constitution.
The test system employed required only a few ml of freshly drawn and heparinized blood from each hybrid. Its principle is simple and depends upon the elegant analytical studies of Simonsen,'5 and Cock and Simonsen., When adult homologous immunologically competent cells, e.g., spleen cells or simply lymphoid cells present in whole blood, are inoculated onto the chorioallantoic membrane of chick embryos, or are injected directly into the blood stream, these cells proliferate and react against the foreign isoantigens of their hosts. Among the diagnostic features of this graftversus host-reaction is the appearance of small whitish nodules in the substance of the chorioallantoic membrane3 and profound enlargement of the embryo's spleen'5-the latter lending itself to quantitative appraisal. Mitchison'3 has shown that a similar reaction occurs when immunologically competent cells of turkey origin are inoculated into chicken embryos. Aliquots of 0.2 ml of this blood from each hybrid were placed upon the "dropped" chorioallantoic membranes of a series of 10-day WL chicken embryos. The eggs were then incubated for an additional 9 days after which their shells were removed, the membranes carefully inspected, and the embryos' spleens excised and weighed. Controls were provided by weighing the spleens of uninjected 19-day-old WL embryos and those of WL embryos of similar age whose membranes had been dropped on the tenth day of incubation and inoculated with 0.2 ml of physiological saline. For comparative reasons one series of 10-day WL embryos was inoculated with 0.2 ml of heparinized blood from an adult BSW turkey donor.
The various tests conducted, together with their results, are summarized in Table 1 . Clearly hybrid blood is not inferior to turkey blood in its ability to react against and produce splenomegaly in nearly every WL embryo into which it is inoculated. Further, with both types of blood, whitish nodules of variable diameters were almost invariably observed on the chorioallantoic membranes of the hosts at autopsy. In light of Simonsen and Jensen's16 investigation of the splenomegaly produced by inoculating homologous lymphoid cells into infant mice, it seems reasonable to suppose that the considerable variability in the weights of the spleens of the WL embryos reflects, at least in part, different degrees of immunogenetic disparity between the "target" WL embryos and the hybrid's lymphoid cells.
Discussion and Conclusions.-From these results it seems reasonable to conclude that hybridization of turkeys with chickens does not result in any demonstrable loss of ability on the part of the hybrids to discriminate between and react against skin grafts of various genetic constitutions from either parental species, or from other hybrids of similar origin.
Unless the argument that the immunological status of our hybrid birds is comparable to that of Hasek and Hort's tolerant birds is based upon false premises, the present findings are inconsistent with their interpretation of the apparent lack of specificity in graft compatibility, following interspecific parabiosis.
An alternative hypothesis, which accounts for all the results and which does not necessitate discarding the concept of the strict specificity of tolerance is as follows: Chickens and turkeys are fairly closely related taxonomically, belonging to the Order Galliformes-the fact that interspecific hybrids can be produced strongly substantiates this-and, although each probably possesses some distinctive speciesspecific antigens, some of which are present on their erythrocytes, it is not unlikely that each possesses a number of antigens, including transplantation isoantigens, which may be related both in immunological specificity and by genetic derivation.10"1"17 Some of the points made by Cinader4 in a recent consideration of specificity and inheritance of antibody response are particularly pertinent here. In an immunological sense, therefore, turkeys and chickens behave like two widely diverse, long isolated populations of a single species. The fact that only a small number of the subjects manifest high degrees of tolerance of skin heterografts, following interspecific embryonic parabiosis, may indicate that such tolerant birds constitute a highly selected group. Their susceptibility to being made tolerant of their partners' tissues may have originated from the possession of a particular genotype--probably a highly heterozygous one-so that they possess more of the important transplantation antigens segregating in their own species than birds that failed to become tolerant of heterografts.
In addition to the broad spectrum of isoantigens to which these birds may be genetically unresponsive, must be superimposed the spectrum of antigens (including isoantigens common to both turkeys and chickens) of the individual of the other species to which they were rendered immunologically tolerant as a consequence of parabiosis. It is by no means inconceivable, therefore, that at the time of hatching, these birds were incapable of reacting against all, or at least a high proportion, of the important transplantation antigens segregating in their own stock of origin, especially if this comprised a relatively small, closed population.
One would, of course, expect the spectrum of parental species antigens, to which interspecific hybrids are genetically unresponsive, to be much narrower than in members of either species made immunologically tolerant of the other. A hybrid can only be genetically unresponsive to the antigens determined by its own two sets of chromosomes (including "hybrid" antigens)-one from each parent; whereas a tolerant bird can, in theory, be unresponsive to all the antigens determined by 4 sets of chromosomes its own 2 plus those of its parabiont partner.
It seems appropriate to utter a caution against the possible dangers of assuming a priori the existence of a sharp distinction between antigens responsible for isoimmune reactions, including the homogra-ft reaction, on the one hand and those responsible for heteroimmune reactions, including the rejection of heterografts, on the other. With combinations of widely unrelated species the distinction is probably valid, but at least with some closely related species, such as turkeys and chickens (and probably horses and donkeys and other species combinations where F1 hybrids can be produced), the forces responsible for their evolutionary dichotomy may not have exerted much influence on the nature or properties of segregating genetic determinants of isoantigens that each has inherited from some common ancestral stock. The results of Irwin and Miller's11 recent studies on the red-cell antigens of different species of Columbidae are particularly pertinent here.
Summary.-Evidence is presented that adult turkey X chicken interspecific hybrids promptly reject tissue grafts from donors of both parental species and from other turkey-chicken hybrids. In addition, whole blood from these animals inoculated onto the chorioallantoic membranes of chick embryos consistently produces a high degree of splenomegaly. These findings indicate that the capacity of hybrids to react against the normal transplantation isoantigens of the parental species is fully developed. The results are discussed in relation to the apparent lack of specificity of immunological tolerance of tissue grafts alleged to occur following interspecific embryonic parabiosis.
